Objective: Performing a screening of Amazonian species as antimicrobial action of oral biofilm micro-organisms in vitro.
Introduction
The two worst health issues in Dentistry are cavities and periodontal disease, both with the same primary etiological factor -the accumulation of dental biofilm [1] . Among the measures used to control the dental biofilm, brushing and the use of antimicrobial agents are the most common [2] .
Antimicrobial agents have been used in addition to mechanical procedures or for specific conditions [3, 5] , successfully releasing bactericide or bacteriostatic substances such as quaternary ammonia compounds, bisbiguanides, enzymes, metal salts, essential oils, and plant extracts [6] .
In the Amazon region, there is a large biodiversity of medicinal plants used empirically, but whose prescription has been consolidated through centuries of cultural interaction. Among many medicinal plants, there are some used specifically as anti-inflammatory and antimicrobial agents, including: Andiroba (Carapa guianense), Alfavaca (Ocimum micranthum), Copaiba (Copaifera multijuga), Crajiru (Arrabidaea chica), Jambu (Spilanthes acmella) and Juca (Libidibia ferrea) [7] .
The ethnobotanical variety and the antimicrobial potential of the medicinal plants used in popular medicine in the Amazon region justifies the study of those plants and how they work against the bacteria present in the mouth to find scientific proof of the effect of those plants or substances derived therefrom as antimicrobial agents in Dentistry [8] .
The purpose of this study was to conduct a screening of Amazon species in terms of their antimicrobial action against some dental biofilm forming microorganisms in vitro.
Methodology
The antimicrobial activity of the Amazon plants was assessed by diffusion in a solid medium through Minimum Inhibitory Concentration (MIC), according to methodology proposed by Bauer et al. [9] as amended and the Minimum Inhibitory Concentration of Adherence (MICA) using the tilt tube method, according Gebara et al. [10] , with different concentrations of the diluted extract solution ranging from 1:1 to 1:512.
Eight (8) Amazon plant species were studied: Carapa guianensis (Andiroba); Aspidosperma nitidium (Carapanauba); Copaifera multijuga (Copaíba); Arrabidaea chica (Crajiru); Spilanthes acmella (Jambu); Eupatorium ayapana (Japana-branca); Libidibia ferrea (Juca); Ociumum micranthum (Alfavaca). The selection followed a surveyin the literature -of the popular plants used in the city of Manaus.
The species used to prepare the extracts were collected from official research institutions to ensure their legitimacy (EMBRAPA, UFAM, and IBAMA) and were stored at the Lauro Pires Xavier Herbarium at the Systematics and Ecology Department/UFPB, according to the Genetic Heritage Component Sample Access and Delivery Authorization (No. 044/2004 -IBAMA/MMA).
The plants were dried in an oven, and then the extracts were prepared following the asepsis principles used to preserve the material quality. The choice of plant and part thereof to be used in the study followed the directions for use by the local people ( Table 1) .
The extracts were obtained using a methanol extracting solution (80% v/v) constantly renewed for 72 hours, in three maceration and decoction cycles, under reflow. After the extraction of the active ingredients, the final volume was reduced in a rotating evaporator to fully remove the alcohol and stored in amber-colored vials previously sterilized, dried, and stored in a cold chamber.
The chemical processes to fully extract the active ingredients from the vegetables yielded 100% of the crude extracts of the materials for maceration and decoction. Therefore, the start solutions were 500 mg/mL for crajiru, juca, japana-branca, and jambu and 100 mg/mL for carapanauba, andiroba, copaiba, and alfavaca.
Study of the antimicrobial activity of the vegetable extracts
The antimicrobial activity was assessed using the amended assay proposed by Bauer et al. [9] through the diffusion in a solid medium on Petri dishes. The MIC of the proposed extracts and essential oils was determined. For such, the Streptococcus sobrinus (ATCC 27609); Streptococcus mutans (ATCC 25175); Streptococcus mitis (ATCC 9811); Streptococcus sanguis (ATCC10556); Lactobacilus casei (ATCC 7469) strains were grown in a nutritious BHI (Brain Heart Infusion -DIFCO) broth, incubated at 98.6 o F (37 ºC) for 18-20 hours in microaerophilia.
Scientific Name Popular Name Part of the plant used
Work solution concentration (mg/mL)
Arrabidaea chica Crajiru Leaves 500
Aspidosperma nitidium Carapanauba Bark 1000
Libidibia ferrea Juca Pod 500
Carapa guianense Andiroba Essential oil 1000
Copaifera multijuga Copaiba Essential oil 1000
Eupatorium ayapana Japana-branca Leaves 500
Ocimum micranthun Alfavaca Leaves 1000
Spilanthes acmella Jambu Leaves 500 Tabela 1. Relação das plantas utilizadas, nome científico, nome popular, parte utilizada e concentração da solução de trabalho
Agar Mueller Hinton (DIFCO) dishes were prepared and, after 24 hours for sterility control, inundated with a saline solution inoculated with the overnight microorganisms. Next, standard holes of approximately ¼" (6 mm) diameter were made. Each dish had five orifices that were numbered between 1 and 10 according to the dilution of the tested substance (1:1 to 1:512). After placing 50μL of the tested substances, the dishes were incubated in a bacteriological oven at 98.6 o F (37 ºC) for 24 hours. Each assay was conducted twice for each strain selected. The same procedure was followed for the positive control, chlorhexidine gluconate (Periogard ® ). The antimicrobial activity assay using Andiroba and Copaiba essential oils required the use of Tween 80 (Sigma ® ), which is an oleic acid ester used as emollient to allow the dispersion of the oil in the solid medium. For that, 60 μL of Tween 80 per 1 mL of essential oil were used.
The resulting MIC was the smallest concentration of the substance capable of completely inhibiting bacterial growth, that is, the presence of a halo >12 mm defined the average for the two readings of each microorganism.
Minimum Inhibitory Concentration of Adherence (MICA)
The MICA of the bacteria in vitro was determined in the presence of 5% according to Gebara et al. 10 using concentrations of the substance diluted from the extract, varying between 1:1 and 1:512.
From the overnight growth, the strains were subcultivated at 98.6 o F (37 ºC) in a Mueller Hinton broth (DIFCO) for 24 hours, to obtain a 10 6 UFC/ml inoculate. 1.8 mL of the sub-culture were distributed in hemolysis tubes and 0.2 ml of the solution corresponding to the extract scale were added. A variation of 0.97 mg/mL to 500 mg/mL was used for the crajiru, juca, japana-branca, and jambu extracts. While concentrations were 1.95 mg/mL to 1,000 mg/mL for the carapanauba, andiroba, copaiba, and alfavaca extracts.
The sub-cultures were incubated at 98.6 o F (37 ºC) in microaerophilia for 24 hours with the tubes at 30 degrees inclination. The reading consisted of the visual observation of the adherence of the bacteria to the tube walls upon agitation. The resulting MICA was determined from the tube with the smallest concentration of the diluted extract with sucrose added to prevent the microorganism from adhering to the glass.
The findings are shown in simple numerical form according to the MIC and MICA for the respective inhibition halos and extract concentrations (mg/mL) using descriptive statistics.
Results
Among the eight plants under study, four species, namely Libidibia ferrea (Juca), Arrabidaea chica (Crajiru), Ocimum micranthum (Alfavaca), and Copaifera multijuga (Copaiba), had a positive MIC, with inhibition halos in different concentrations for all the strains used, especially Juca and Copaiba essential oil ( Table 1) .
The Libidibia ferrea (Juca) showed inhibition halos from 21 to 24 mm at a concentration of 500 mg/mL and halos from 14 to 15 mm at a concentration of 62.5 mg/mL (1:8) for the tested microorganisms (Table 2) . Their best results were achieved against Streptococcus mutans (S. mutans), Streptococcus sobrinus (S. sobrinus), and Lactobacillus casei (L. casei), with 15 mm halos at 1:8 dilution.
The Copaiba essential oil exhibited excellent behavior against the tested microorganisms. The MIC was 39 mg/mL, with inhibition halos of 12 to 15 mm. The best result was against the S. mutans, whose growth was inhibited with halos of 15 mm in the 7.8 mg/mL crude oil dilution.
The other plants studied, Carapanauba (Aspidosperma nitidum), Jambu (Spilanthes acmella), and Andiroba (Carapa guianensis) essential oil did not exhibit any antimicrobial activity against the microorganisms tested at MIC ( Chlorhexidine 0. At MICA, the Juca, Jambu, and Crajiru extracts inhibit adherence in all strains tested, especially Juca and Copaiba oil (Tables 3 and 4) .
The MICA observed for Andiroba varied between 100 and 500 mg/mL, and the Jambu MICA varied between concentrations of 1:1 and 1:4 according to the microorganism tested, with inhibition of the microorganisms' adherence to the glass.
The Crajiru extract showed MICA numbers similar to the Andiroba essential oil. The best results in this test were from the Juca extract and the Copaiba essential oil, with MICA of 1.95 mg/mL for the latter with all strains tested.
Discussion
The study represents -for some medicinal plants -the first attempt to observe their antimicrobial effect against biofilm forming bacteria in the mouth. Similar findings were described by Pereira et al. [3] , which studied the in vitro antimicrobial activity, MIC, MICA, and MBC (Minimum Bactericide Concentration) of the pomegranate extract (Punica granatum Linn.) against the strains of dental biofilm forming bacteria: S. mutans, S. mitis, S. sanguis, S. sobrinus, and L. casei, compared to chlorhexidine, concluding that both substances exhibit an effective inhibitory action.
Carvalho et al. [11] had already described the effect of the Juca aqueous extract as an anti-inflammatory and analgesic substance in rats, compared to standard substances in terms of their action. According to the author, those findings support the popular use of the Juca tincture, as this plant is used by the Amazon people as an antifungal, antianemic, antihemorrhagic, healing, antimicrobial, anti-inflammatory, and antidiarrheal substance [11] [12] [13] [14] .
The results of those tests show a strong potential of the Juca against microorganisms of the dental biofilm, with its best results in the 62.5 mg/mL concentration, similar to Chlorhexidine (positive control), which exhibited antimicrobial effects as expected, with halos between 12 and 13 mm appearing for all microorganisms tested up to the 8.3 mg/mL concentration.
Marreiro et al. [15] proposed the formulation of a mouth rinse using the Juca extract, and concluded that this new product is feasible considering the good results achieved in the research in terms of the antimicrobial activity against S. mutans and S. oralis.
Soares et al. [16] studied the antimicrobial activity of the juca, aroeira, ginger, alfavaca, propolis, pomegranate, and large leaf mint tinctures against strains of S. aureus, S. mutans, S. sobrinus, S. mitis, S. sanguis, and L. casei, using chlorhexidine 0.12% as positive control. The maximum inhibitory concentration (MIC) was determined in an Agar Mueller Hinton medium for pure (1:0) and diluted (1:1 to 1:32) concentrations of the tinctures. They concluded that, among all tinctures, juca, aroeira, and propolis exhibited significant antimicrobial activity against S. mutans, S. sobrinus, S. mitis, S. sanguis, and L. casei, with ginger and alfavaca exhibiting the weakest action against the bacteria strains tested.
As for the Copaiba oil, the findings of this study agree with the findings of Bandeira et al. [17] , in which the Copaiba essential oil exhibited bacteriostatic and bactericide activity against S. mutans. The authors also observed that, when studied separately, the crude oil had better results than the Copaifera multijuga.
With respect to the other plants, despite the lack of antibacterial activity, Añez [18] conducted an ethnobotanical research using phytochemical screening and concluded that the Aspidosperma nitidum (Carapanauba) husk contains coumarin, which has been considered a promising substance for the treatment of cancer as an anti-inflammatory, vasodilator, and other treatments, according to Kuster, Rocha [19] . Spelman et al. [20] studied the jambu (Spilanthes acmella), and the findings provided the first evidence supporting the use of the plant against malaria and showing that it has active ingredients against Plasmodium falciparum.
The andiroba (Carapa guianensis) essential oil exhibits peculiar physical and chemical characteristics that promote anti-inflammatory action [21] , and despite not exhibiting antimicrobial activity in this study, it can be used for other purposes.
The MICA findings may raise the hypothesis that the Jambu extract and the andiroba essential oil may be able to control cavities, not by inhibiting bacterial growth but by somehow preventing the microorganisms from adhering to the teeth.
The use of the Tween 80 emollient did not interfere with the findings of the Copaiba and Andiroba oils. The findings of Domingues et al. [22] describe that the Tween used as vehicle was toxic in the cell culture. This is possibly due to its ability to change the morphology and the surface of the cell wall because of its detergent action that contributed to the toxic outcome.
Evangelista et al. [23] conducted an ethnobotanical study to diagnose the prescription and use of medicinal plants in pathological oral changes at dental clinics in the city of Manaus. The findings show that medicinal plants are sold for oral pathologies, the following species in particular: Pedra ume caã (Aulomyrcia sphareocarpa), Crajiru (Arrabidae chica), and the plant -without a botanical identificationknown as Sara tudo (heal all). The authors concluded that the medicinal plants sold in the city of Manaus empirically and the ones most used by the healers are Sara tudo, Andiroba (Carapa guaianensis), and Carapanauba (Aspidosperma discolor), and the ones most sought after by consumers are Sara tudo and Pedra ume caã (Myrcia sphaerocarpa). The Cashew plant was the one most used by users, and the medicinal plant most prescribed by dentists was Crajiru (Arrebidaea chica Verlot).
Natural products remain a largely unexplored source of effective anti-biofilm molecules of potentially low toxicity that could be used in alternative or adjunctive anti-cavity therapies [24] .
